Abstract We wonder if a cyclic universe may be dominated alternatively by matter and antimatter. Such a scenario demands a mechanism for transformation of matter to antimatter (or antimatter to matter) during the final stage of a big crunch. By giving an example, we have shown that in principle such a mechanism is possible. Our mechanism is based on a hypothetical repulsion between matter and antimatter, existing at least deep inside the horizon of a black hole. When universe is reduced to a supermassive black hole of a small size, a very strong field of the conjectured force might create (through a Schwinger type mechanism) particle-antiparticle pairs from the quantum vacuum. The amount of antimatter created from the vacuum is equal to the decrease of mass of the black hole and violently repelled from it. When the size of the black hole is sufficiently small, the creation of antimatter may become so fast, that matter of our Universe might be transformed to antimatter in a fraction of second. Such a fast conversion of matter into antimatter may look as a Big Bang. Our mechanism prevents a singularity; a new cycle might start with an initial size more than 30 orders of magnitude greater than the Planck length, suggesting that there is no need for inflationary scenario in Cosmology. In addition, there is no need to invoke CP violation for explanation of matter-antimatter asymmetry. Simply, our present day Universe is dominated by matter, because the previous universe was dominated by antimatter. The idea of antigravity (defined as the gravitational repulsion between matter and antimatter) is as old as the discovery of antimatter (for a review see Nieto and Goldman 1991). In the early sixties of the 20 th century, antigravity was abandoned by main-stream physics, not because of experimental evidence against it, but because of theoretical arguments (Morrison 1958; Schiff 1958 Schiff , 1959 Good 1961) believed to be out of any reasonable doubt. While opposing the idea of antigravity, the paper of Nieto and Goldman (1991) contains a critical reconsideration of the old arguments leading to conclusion that they are still sufficiently strong to exclude antigravity but not without shortcomings; in the light of the new knowledge the arguments were less convincing in nineties than in sixties. The arguments against antigravity were further questioned by Chardin and Rax (Chardin and Rax 1992; Chardin 1993 Chardin , 1997 with intriguing arguments that CP violation might be a consequence of antigravity and a recent paper by Villata (2011) arguing that "antigravity appears as a prediction of general relativity when CPT is applied". Additionally, assuming the existence of antigravity, Hajdukovic (2007Hajdukovic ( , 2010aHajdukovic ( , 2010bHajdukovic ( , 2010cHajdukovic ( , 2011 has considered phenomena related to the gravitational version of the Schwinger's mechanism (Schwinger 1951) and the gravitational polarization of the quantum vacuum. Hence, after nearly half a century of suppression, the idea of antigravity is back. Of course, if antigravity exists or not, can be revealed only by the future experiments, like the AEGIS experiment (Kellerbauer et al. 2008) at CERN designed to measure the gravitational acceleration of anti-hydrogen. Complementary information might come from the neutrino astronomy if, as predicted recently (Hajdukovic 2007), the supermassive black holes behave as point-like sources of antineutrinos.
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In the present letter, as an illustration of possible consequences of antigravity, we point out a new scenario for a cyclic universe.
Soon after Einstein's foundation of the General Relativity it was understood (Friedman 1922) that it is compatible with the idea of a cyclic universe. In the framework of these first models the question was if the matter-energy density in the Universe is sufficiently large (i.e. larger than a critical value 3H 2 /8πG) to provoke a future collapse of the Universe ending with a Big Crunch, eventually followed by a new Big Bang.
The 21 st century has started with a proliferation of much more sophisticated cyclic models in the framework of different theories like quantum loop gravity, braneworld models, conformal cosmology and so on (see review by Novello and Perez Bergliaffa 2008 ). An inspection of the existing models shows that in spite of great differences between them they have a common point: all cycles are dominated by matter.
In the present letter, contrary to all previous models, we present a radically new possibility that we live in a cyclic universe dominated alternatively by matter and antimatter; a universe dominated by matter (as it is the universe in which we live) is always followed by a universe dominated by antimatter and vice versa.
The aim of the letter is modest. We do not develop a new cyclic model of the universe; we have only proposed a mechanism allowing transition from a matter to an antimatter universe and vice versa. The further development may go in two directions: detailed study of the proposed mechanism or the discovery of alternative mechanisms which might produce the same phenomenon.
Without entering complex discussions, the simplest way to postulate a gravitational repulsion between matter and antimatter is
where a symbol with a bar denotes antiparticles; while indices i and g refer to the inertial and gravitational mass (gravitational charge). The first two relations in (1) are in the same time the experimental evidence (Will, 1993; Gabrielse et al. 1999 ) and the cornerstone of the General Relativity; while the third one is the conjecture of antigravity which dramatically differs from the mainstream conviction m g −m g = 0, implying (together with the Newton law of gravity) that matter and antimatter are mutually repulsive but self-attractive. In simple words, while an apple falls down, an anti-apple would fall up.
As an alternative to the above long-range antigravity we can imagine existence of a matter-antimatter repulsion (of gravitational or non-gravitational origin) which is significant only deep inside the horizon of a black hole; hence, the range of interaction is much smaller than the Schwarzschild radius.
Let us consider the simplest case of a Schwarzschild black hole made from matter. While it is often neglected, from mathematical point of view there are two solutions: the positive mass Schwarzschild solution
considered as the physical space-time metric; and the negative mass Schwarzschild solution
considered as a nonphysical solution. It serves as the simplest example of a naked singularity (Preti and de Felice, 2008; Luongo and Quevedo 2010 ) and a repulsive spacetime allowed by mathematical structure of general relativity but rejected as nonphysical. However, in the framework of the gravitational repulsion between matter and antimatter, both solutions may be given a physical meaning: the metric (2) is metric "seen" by a test particle, while the metric (3) is metric "seen" by a test antiparticle. The major difference is that there is a horizon in the case of metric (2), while there is no horizon in the case of metric (3). In simple words, a black hole made from matter, acts as a black hole with respect to matter and, as a white hole with respect to antimatter.
According to the metric (3) the radial motion of a massive antiparticle is determined bẏ
where k is a constant of motion and dot indicates derivative with respect to the proper time. Differentiating (4) with respect to proper time and dividing throughṙ gives
Equation (5) has the same form as should have the corresponding Newtonian equation of motion with the assumed gravitational repulsion. Of course, in spite of the same form of Newtonian equations and (5) coming from general relativity, there is fundamental differences between them. The coordinate r in (5) is not the radial distance as it is in the Newtonian theory, and dots indicate derivatives with respect to proper time, rather than universal time.
In order to understand the physical significance of the conjecture (1), we must remember the Schwinger mechanism (Schwinger 1951) in Quantum Electrodynamics: a
